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ABSTRACT 
 
This thesis presented about a study of vibration features for rotating specimen under 
cyclic loading. From statistical, about 90% of the machines are a failure due to fatigue 
phenomena, thus need to monitor the fatigue behaviour on component (early detection) 
to avoid machine breakdown. The main objectives of the project are to measure 
vibration response during cyclic loading and study the response under frequency 
domain analysis. The equipment involves are fatigue testing machine, accelerometer, 
and data acquisition (DAQ). The position of the accelerometer was placed near to the 
bearing housing. Then, create a block module using DASYLAB software to record the 
data. Result shows, signal at y-axis are dominant compared to the x-axis and z-axis. 
Signal value at y-axis is higher because of force applied are parallel to the y-axis that 
perpendicular to the specimen (vertical axis displacement). Signal at x-axis is lowest 
compare to the others axis, because at x-axis is parallel to the specimen. Thus, from this 
result more focus on y-axis data. For mild steel, at forces 250 N, the specimen fractured 
at 7769 cycles with amplitude value is 8.50, followed by 200 N at 23 238 cycle and 150 
N  at 100 510 cycles with amplitude 7.30 and 5.70 respectively. For low carbon steel, at 
250 N the specimen fractured at 9400 cycles with amplitude value 9.59, higher than 
other load, at 200 N the specimen fractured at 24 300 cycle and 150 N at 137 749 cycles 
with amplitude value is 7.90 and 7.60, respectively. From the result, with constant force 
applied, the value of amplitude increase when the number of cycle increases. This is 
because, the power that transmits from the motor to the specimen will reduce the 
stiffness on the specimen, and the resistance will decrease. This increased loads can 
accelerate crack growth and ultimate failure can affect the changing amplitude for the 
specimen.  
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ABSTRAK 
 
Tesis ini mengkaji tentang ciri-ciri gelombang terhadap spesimen yang berpusing di 
bawah beban kitaran. Objektif utama kajian ini adalah merekod kesan gelombang 
semasa experiment dijalankan dan mengkaji kesan daripada beban kitran dengan 
menggunakan analisis frequensi. Alat yang digunakan dalam experiment ini adalah 
mesin fatigue testing, accelerometer (sensor), dan data acquisition (DAQ). Kedudukan 
sensor adalah berdekatan dengan kotak bearing. Perisian DASYLAB digunakan sebagai 
medium untuk merekod data dengan membuat modul-modul khas. Daripada dapatan 
kajian, menunjukkan isyarat gelombang pada paksi-y lebih tinggi dari paksi-x dan 
paksi-y. Ini kerana, kesan daripada bebanan yang dikenakan keatas specimen adalah 
selari dengan paksi-y. Manakala, isyarat gelombang pada paksi-x paling rendah 
berbanding paksi lain. Ini kerana, paksi-x adalah selari dengan kedudukan spesimen. 
Nilai pada  paksi-x, dan paksi-z adalah rendah, maka hanya dapatan kajian pada paksi-y 
sahaja diambil. Untuk data pada bahan keluli lembut, pada beban 250 N, spesimen 
patah pada kitaran 7769 dengan nilai amplitude ialah 8.50. Di ikuti pada beban 200 N 
dan 150 N, spesimen patah pada kitran 23238 dan 100510 dengan masing-masing nilai 
amplitude 7.30 dan 5.70. Manakala, pada bahan keluli carbon rendah pada beban 250 N, 
spesimen patah pada kitaran 9400 dengan nilai amplitude ialah 9.59. Di ikuti pada 
beban 200 N dan 150 N, spesimen patah pada kitran 24300 dan 137749 dengan masing-
masing nilai amplitude 7.90 dan 7.60. Daripada dapatan kajian, menunjukkan nilai 
amplitud meningkat, bila bilangan kitaran meningkat. Ini kerana, kuasa yang 
dipindahkan oleh motor terhadap spesimen akan mengurangkan tahap rintangan 
didalam spesimen akan memberi kesan peningkatan terhadap nilai amplitud. 
Penambahan bebanan yang lebih tinggi, maka meningkatkan kadar keretakkan dan 
tahap rintangan untuk spesimen patah akan memberi kesan peningkatan nilai amplitude. 
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CHAPTER 1 
 
 
INTRODUCTION  
 
 
1.1 PROJECT BACKGROUND 
 
In the nineteenth century, the failure of some mechanical components subjected 
to the nominal stress well below the tensile strength of the material aroused some 
interest among a few engineers of that time. The fact that puzzled these early engineers 
was that a component such as bolts or a shaft made from a ductile material such mild 
steel could fracture suddenly in what appeared to be a brittle manner. These were no 
obvious defect in workmanship or material, and the only features common to these 
variables in a cyclical manner. This phenomenon of failure of the material when 
subjected to a number of varying stress cycles become known as fatigue, since it was 
thought that a fracture occurred owing to the metal weakening. 
 
Fatigue material is a very complex process, which is still today not fully 
understood and it is known as (material subjected to a repetitive load and will 
eventually fail at load much lower than that required to cause fracture on single 
application of the load).  
 
1.2 PROBLEM STATEMENT 
 
About 90 % of the machines are a failure due to fatigue phenomena. This kind 
of phenomena can affect any part of components shaft such as crankshaft in engine, 
steering shaft in car system, lathe machine especially the rotate the specimen part, 
grinding machine of  cutting tools, aircraft wings, nuclear reactor and turbines. 
Fasteners and joint also face the fatigue behavior (Jen et al., 2006). Fatigue cracks are 
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potential sources of catastrophic failures in rotors (Darpe, 2007). Many companies 
prepared the product design up to     cycles of lifetime. High costing and leads time to 
test fatigue failure by using conventional testing especially in to check material 
structure. To overcome this problem, high frequency fatigue cyclic loading such as 
piezoelectric are used (Marines et al., 2003). By using accelerometer, can monitor the 
status of the fatigue behavior of components and can predict the when fatigue failure 
will occur. Others word, early failure detection on components. This report is more 
focusing on study the vibration features of the shaft component under cyclic loading by 
monitoring vibration response during rotation by using accelerometer. This is for early 
detection of fatigue behavior on the specimen.  
 
1.3 OBJECTIVES OF THE PROJECT 
 
From problem statement above, the objectives are: 
 
(i) To measure the vibration response during cyclic loading.  
(ii) To study the vibration response of the specimen under frequency domain 
analysis.    
 
1.4 SCOPES 
 
Scopes of the project are: 
 
(i) Focus on high cycle fatigue stages.  
(ii) For fatigue testing the material is low carbon steel and mild steel, which are in 
solid form.  
(iii) Accelerometers were used to measure vibration response, and measurement are 
involving three dimension axis; x-axis, y-axis and z-axis.  
(iv) Ranges of force that can apply to the specimen are 150 N to 250 N and the speed 
of rotation motor are totally fixed. 
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1.5 PROJECT FLOW CHART 
 
Figure 1.1 shows the project flow chart. Start with defining the background of 
study that relate to the topic, to identify the main problem of the research. Followed by, 
objective of research and scope of the study. This section is discussed about general 
theory about fatigue and related problem. Next section, more on reviews of any material 
such as journal, articles as references. Then, in the methodology section, decide the 
material, dimension of the specimen, parameters that involves. For last section, more 
result analysis of data experiment.  
 
Gantt chart for FYP 1 are shown Figure 1.2, the overall activities for final year 
project one. Start with a briefing from supervisor and co-supervisor, discuss about the 
related topic. Current progresses are behind schedule within one week because need 
more understanding the theory. Next activities are learning software. Install DASYLAB 
software at week three and learn basic theories of   DASYLAB such as sampling, block 
size, and others module function to support experimental and next is finding journal that 
related to the topic. Both activities are also behind the schedule as plan because my 
supervisor had suggested a certain technique to improve for my block diagram 
experiment. There are misunderstandings about of this topic, for this topic does not have 
to do modal testing, thus co-supervisor ask focus on vibration response of shaft 
component. For specimen material, need to check the grade of low carbon steel by using 
a spectrometer at casting laboratory.  The rest of activities are following schedule, 
except check draft report with supervisors, which has earlier a week. For FYP 2, more 
on fabricated the specimens for experimental testing, run experiments. Discuss the data 
from the experiment with a supervisor. Then, do the draft report and prepare for 
presentation. 
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Figure 1.1: Project flow chart 
FYP 1 
FYP 2 
YES 
NO 
Results analyse and discussion 
Results 
Report writing and presentation 
Start 
Define background study 
Identify problem statement,  
Objectives & scopes of study 
Validation 
Methodology 
Experiment Setup 
End 
Literature Review 
Run experiment 
Identify parameters involves 
YES 
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Activities  
Week 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
 Briefing about title / theory for 
title 
              
              
Learn software (DASYLab) and 
modal testing. 
              
              
Find journal and articles that 
related to the title 
              
              
Determine the material for 
specimen, 
              
              
Run the experiment 
              
              
Collect the data (run experiment) 
and analysis data 
              
              
Do draft report 
              
              
Submit / check draft report with 
supervisor 
              
              
Do report and slide presentation 
for FYP 1 
              
              
 
Fabricate specimen 
              
              
Run the experiment 
              
              
Analysis data / discuss with 
supervisor 
              
              
Do draft report 
              
              
Submit / check draft report with 
supervisor 
              
              
Do report and slide presentation 
FYP 2 
              
              
 
Legend :  Plan  Actual  
 
Figure 1.2: Gantt chart 
 
 
 
 
 
F
Y
P
 1
 
F
Y
P
 2
 
6 
 
 
1.6 THESIS STRUCTURE 
 
Chapter 1 introduces the background of the study. It more detail by discussing 
about fatigue phenomenon, the problem statement is related to the topic of the research, 
then followed by the objectives, scope of the study, project flow chart and last is the 
structure of the thesis. 
 
Chapter 2 presents the information on fatigue theory, stress cycles, and fatigue 
strength testing. It also discuss on damage process in low and high cycle fatigue. 
Discuss about signal section, which is time domain, and frequency domain. Use a 
module in DASYLAB software to covert time domain to frequency domain.  
 
Chapter 3 explaining about method to conduct the experiment. Include the 
apparatus that involves for the experiment. Setting or set up the equipment and 
software. Flow chat are provides to show the overall outline for the experiment starting 
with software setting until data analysis. Discuss specimen preparation and handling the 
experiment.  
 
Chapter 4 begins with the introduction. It explains about the groups of data, 
which is divided into two different types of material such as mild steel and low carbon 
steel. Proceed with frequency domain analysis. There are two main groups of graphs, 
amplitude versus cycle and frequency domain. For frequency domain, their graphs 
provided for each force that apply to specimens, which is represent 3D axis (x-axis, y-
axis and z-axis). Then, fracture surface that shows the comparison about fatigue fracture 
beach marks between two materials with the same forces.  
 
Chapter 5 presents the conclusion from data taken and some recommendations 
to improve the accuracy of the result for future works progress.   
 
  
 
 
CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
2.1 INTRODUCTION 
 
In this chapter, discuss about general fatigue, stress cycles, and fatigue strength 
testing. It also discuss on damage process in low and high cycle fatigue. In signal 
section time domain, and frequency domain with analysis of FFT been discussed. 
2.2 FATIGUE 
 
The damage of the material in fatigue starts in the crystalline structure and 
become visible in a later stage by plastic deformation, formation of micro-crack on slip 
bands, coalescence of micro cracks and finally propagation of main crack. Figure 2.1 
shows the sample of fatigue crack surface. Many factors that affect the subject such as 
different materials 
 
 
 
Figure 2.1: Sample of fatigue crack surface. 
 
Source: A.S Yasir (2012) 
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In a narrow sense, the term fatigue of materials and structural components means 
damage and damage due to cyclic, repeatedly applied stresses. This phenomenon occurs 
as a result of stress reversals in the time history. In a wide sense, it includes a large 
number of phenomena of delayed damage and fracture under loads and environmental 
conditions. (Wu et al., 1997) 
 
It is expedient to distinguish between high-cycle and low-cycle fatigue. Plastic 
deformations are small and localized in the vicinity of the crack tip while the main part 
of the body is deformed elastically, then one has high-cycle fatigue. If the cyclic loading 
is accompanied by plastic deformation in the bulk of the body, then one has a low-cycle 
fatigue. Usually we say low-cycle fatigue if the cycle number up to the initiation of a 
visible crack or until the final fracture is below 104 or 5.104 cycles.  
 
2.3 DIFFERENT PHASES OF THE FATIGUE LIFE 
  
After more microscopic information on the growth of small crack became 
available, it turned out that nucleation of micro crack generally occurs very early in 
fatigue life in spite of early crack nucleation, microcracks remain invisible for a 
considerable part of the total fatigue life (Krupp, 2007). Once crack become visible, the 
remaining fatigue life of a laboratory specimen is usually a small percentage of the life. 
 
After a microcrack has been nucleated, crack growth can still be a slow and 
erratic process, due to the effect of the micro structure, example grain boundaries. 
However, after some microcrack growth has occurred away from the nucleation site, a 
more regular growth has occurred away from the nucleation site, a more regular growth 
is observed (Schijve, 2004). 
 
 Figure 2.2 shows the different phases of the fatigue life and relevant factor. This 
is the beginning of the real crack growth period. It consists two periods such as crack 
initiation and crack growth period. 
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Figure 2.2: Different phases of the fatigue life and relevant factors. 
 
Sources: Schjve (2004) 
 
2.4 STRESS CYCLE 
 
About three factors that influence fatigue phenomena such as large enough 
variation in the applied stress, maximum tensile stress of sufficiently high value and 
large number of cycles of applied stress. Steady stress,    and variable stress,    are 
two major components in a fluctuating stress.  Stress range,    is refer to the difference 
maximum stress and minimum stress in cycles as in equation 2.1.  
 
                                                                             
      
The alternating stress is one-half stress range, shown in equation 2.2; 
 
    
  
 
  
         
 
                                                         
      
 
Average mean stress as explain in equation 2.3; 
 
    
          
 
                                                          
      
For presenting the fatigue data, two ratios frequently are used in equation 2.4 and 
equation 2.5 respectively. 
Cyclic 
Slip 
Crack 
nucleation 
Micro crack 
growth 
Macro crack 
growth 
Final 
failure 
Initiation period Crack growth period 
𝐾𝑡 
Stress concentration factor 
𝐾⬚ 
Stress intensity 
factor 
𝐾𝐼𝐶 𝐾𝐶  
Fracture 
toughness 
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Stress Ratio:     
   
    
    
                                                                     
      
 
Amplitude Ratio:    
   
  
  
  
   
   
                                                              
 
For basic terminology of fatigue phenomenon, by referring the figure 2.3 below, 
it shows the fully reversed loading cycles whereby the value maximum stress and 
minimum stress are equal. Usually these kind of fluctuating stress is used in fatigue 
testing, which a sinusoidal cycle is superimposed as shown in figure 2.3. However, fully 
reversed loading are not totally from actual loading applications (Roylance, 2001).  
 
 
 
Figure 2.3: Fully Reversed Loading 
 
Source: www.asminternational.org (2008) 
 
In figure 2.4, explain about the situation whereby applied stress and cyclic stress 
are greater than zero. It not necessarily to have the values of maximum stress with 
minimum stress is equal. 
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Figure 2.4: Tension-tension with applied Stress 
 
Source: www.asminternational.org (2008) 
 
Irregular cycles are the last type of loading cycles as figure 2.5, which are 
subjected to random loads during the service. Most of engineering structures are 
exposed to random loading in service, which means the fatigue growth life will affect 
by load sequence (Huang et al., 2005). There are many calculating models of crack 
propagation life under spectrum loading, such as Wheeler model, Willenborg model. 
These entire calculating models are based on plastic zone correction theory.  
 
 
Figure 2.5: Random of Spectrum Loading 
 
Source: www.asminternational.org (2008) 
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2.5 FATIGUE STRENGTH TESTING 
 
A failure that results from such cyclic loads is called a fatigue failure. Since 
many structural components are subjected to cyclic loads it is necessary for the design 
engineer to have some quantitative measure of the material’s ability to withstand such 
repeated loads. Quantitative data for the fatigue properties of a given material are 
obtained by subjecting a number of standard specimens to cyclic loads until fracture 
occurs. (Wu et al., 1997). The objective of the fatigue strength or fatigue limit test is to 
estimate a statistical distribution of the fatigue strength at a specific high-cycle fatigue 
life. Among many fatigue strength test methods, the staircase method (often referred as 
the up-and down method) is the most popular one that has been adopted by many 
standards to assess statistical of a fatigue limit. In this test, the mean fatigue limit has to 
first estimated, and a fatigue life test is then conducted at a stress level a little higher 
than the estimated mean. If the specimen fails prior to the life of interest, the next 
specimen has to be tested at a lower stress level. Therefore, each test is dependent on 
the previous test results, and the test continues with a stress level increased or 
decreased. Figure 2.6 explains theoretically about the strength of fatigue that related to 
the cycle. From this graph, can predict the number of cycles with load applied. For more 
precise, the test need to run about two or three specimen to get the average of the data.  
 
 
Figure 2.6: Fatigue strength versus cycle 
 
Source: Schijve (2004) 
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2.6 FATIGUE FAILURE STAGES 
 
Fatigue is a gradual process of damage accumulation that proceeds on the 
various levels beginning of the scale of the crystal lattice, dislocations and other objects 
of solid state physics up to the scales of the structural components. According to the 
Stress-life, the strain –life and linear elastic fracture mechanics are the three major 
approaches that usually used to analyze the fatigue life. In addition, strain-life mostly 
suitable with low cycle of fatigue whereby its approach to analyze the data that 
collected from automotive components (Abdullah et al., 2010). But, strain based 
approach is more appropriate than stress-based approach (Wu et al., 1997)  
 
Three or four stages of fatigue damage are usually distinguishable. In the first 
stage, the damage accumulation occurs on the level of grains and intergranular layers. 
The damage is dispersed over the volume of a specimen or structural component, or at 
least, over the most stressed parts. At the end of this stage, nuclei of microscopic cracks 
originate, example, such aggregates of micro cracks that are strong stress concentrators 
and under the following loading, have a tendency to grow. Surface nuclei usually can be 
observed visually (at least with proper magnification). Figure 2.7 shows the fatigue 
crack initiation. Presistent slip bands (PSB) are areas that rise above (extrusion) or fall 
below (instruction) the surface of the component due to the movement of material along 
slip planes. This leaves tiny steps on the surface that serve as stress risers where tiny 
cracks can initiate. These tiny crack called microcracks that nucleate along plane of high 
shear stress which is often 45º to the loading direction.  
 
